Aiming to verify the insecticidal potential of 16 native plants from the Araripe National Forest (ANFO) on L3 Aedes aegypti larvae in laboratory conditions, were researches performed in controlled conditions of temperature, air relative humidity and photophase, in a type B.O.D. climatized chamber, executed in period from August/2016 to May/2017. The adopted experimental design was completely randomized, represented by ethanolic extracts obtained from 16 native plants, besides the witness without application and with pyriproxyfen as chemical insecticide, conducted with four replicates in each plant extract. The application of the extracts was performed only once, and at 24, 48 and 72 hours, after the infestation, was determined the effects of the extracts on larval mortality. The extracts of Amargoso, oil'tree, Lacre, Cajui, Louro smelling, Field Rosemary, Murici truthful, Janaguba and laranjinha provoke mortality above of 90% to the larvae of Aedes aegypti after three days of exposure, in the dose of 50 mL of the extracts. After 24 hours of exposure, the ethanolic extracts from barks and leaves of Field Rosemary and of laranjinha killed all the larvae. On the other hand, the extracts with higher larvicide potential were evaluated at different doses (i.e., 12.5, 25, and 50 mL/L) in a 9 × 3 factorial scheme, with four replicates. The ethanolic extract of the leaves of Louro smelling is the most efficient, because in any dosage it eliminates all the larvae of Aedes aegypti, thus demonstrating to be an excellent vegetable larvicide in the control of this vector after three days of exposure, whereas the bark extract of the oil'tree is the least effective. The alkaloids and flavonoids are present in the leaves of the Louro smelling.
cleansing. Added to these factors are the utilization of disposable recipients, which serve as artificial breeders for the mosquito (Heintze, Garrido, & Kroeger, 2007; Sakthivadivel & Daniel, 2008) .
In Brazil, the mosquito is distributed throughout the entire country, with register of the circulation of the four serotypes of dengue virus (DENV), a situation which raised the risk of occurrence of the four severe manifestations of the disease, deaths and lethality (Ballenger-Browning & Elder, 2009 ).
In spite of the advancements of the control centers and the researches, there is still no exist efficient preventive vaccine against the dengue. In the same manner, no etiological therapy or effective chemoprophylaxis are available. One of the main effective measures in the action against dengue consists in vector control, an action of collective responsibility, which demands the effort of the whole society (Câmara, Theophilo, & Santos, 2007) , but several technologies have been developed as alternatives in the control of this vector as selective monitoring of infestation, social measures, dispersion of chemical insecticides, new biological control agents and molecular techniques for population control of mosquitoes, however, the technologies in development demand evaluation of the effectiveness, feasibility and costs for implementation as complementary strategies to the actions already advocated by the National Dengue Control Program. Therefore, the integration of different compatible and effective vector control strategies, considering available technologies and regional characteristics, seems to be a viable method to try to reduce mosquito infestation and the incidence of arboviruses transmitted by them (Zara et al., 2016) .
There are several researches with native and introduced plants in Brazil with insecticidal potential of the larvae from A. aegypti, such as Copaifera reticulata Ducke (Geris et al., 2008) ; Magonia pubescens Saint Hill (Arruda, Cavasin, and Silva (2008) , Jatropha curcas L., Pedilanthus tithymaloides Poit, Phyllanthus amarus Schum, Euphorbia hirta Linn and Euphorbia tirucalli Linn (Rahuman et al., 2008) , Persea americana Mill (Carvalho et al., 2011) , Annona coriacea Mart (Dill, Pereira, & Costa, 2012) , Neoregelia compacta (Mez) and Aechmea fasciata (Lindley) (Guimarães et al., 2013) , Piper aduncum Linn , Eugenia jambolana Lam (Sobral-Souza et al., 2013) and C. reticulata (Valotto et al., 2014) .
Botanical products such as plant extracts and their proven insecticidal effects through scientific research have a wide range of active ingredients in their metabolism. These in turn act synergistically, thus being able to attract or repel insects. Therefore, due to these intrinsic characteristics, they can be used in integrated management systems of this vector, as one of the alternatives directed to the control and monitoring of populations of these insects (Navarro- Silva, Marques, & Duque, 2009 ).
Generally, the insecticidal activity was attributed to the secondary metabolites of the plants. Indeed, the secondary metabolism is utilized by the plants as protection against the insects, arthropods and other phytophagous microorganisms (Belchior et al., 2012) . Therefore, the secondary metabolites are natural candidates for the discovery of new products that might be utilized in insect control.
Substances synthesized in the secondary metabolism of the plants present biological action directly against agents attack or plants resistance induction, due to elicitors characteristics present in the active principles of the plants in the Araripe National Forest. The production of these chemical components has as the function to protect the plants against herbivores, pathogen attack, as well as benefiting them in competition with other vegetables (Silva et al., 2010; Vinale et al., 2014) . Some studies were already performed with extracts of native plants from the ANFO, with medical purposes (Pereira et al., 2014) . However, works performed in the Cariri, related to the insecticide potential of these plants in the control of vectors are incipient. Those that exist are work with Drosophila melanogaster Linn (Sobral-Souza et al., 2013; Pinho et al., 2014) and with Trypanossoma cruzi and Leishmania brasiliensis Viannia (Leite et al., 2013) . Therefore, the aim of this work was to evaluate the larvicidal potential of the ethanolic extracts of barks and leaves of native plants from the Araripe National Forest, according to Table 1 below, on the A. aegypti.
These plant species have been chosen to be studied as candidates for botanical larvicides because they have been widely used by Cariri family farmers and communities around the forest that use them for medicinal purposes to control some diseases.
Materials and Methods

Plant Selection and Extraction Plant Selection
Scientific literature queries and previous visits to the outskirts of the Araripe National Forest (ANFO) were performed in order to elaborate a list of the possible species with insecticidal potential on the larvae of the A. aegypti mosquito (Table 1) . Note. The number of plants and extracts depended of the epoch of occurrence, and, therefore, throughout the ten months of research, were tested several parts of these plants.
Selected plants were collected from the Araripe National Forest (ANFO) on February 24, April 28, June 30, and August 31, 2017 and separated into bark and leaves. Then, the parts of the plants were dried in a forced ventilation hothouse at 40 ºC, and grinded with a domestic blender, obtaining a dry powder. The plant extracts were obtained following the methodology adapted from Silva et al. (2017) , through of the addition of 500 g of the powder with 1.500 mL of ethanol solvent. Following the methodology adapted from Carvalho et al. (2011) , this mixture remained during 72 hours at ambient temperature and in the absence of light and; afterwards, the suspension was filtered with a cloth strainer mesh and separated, obtaining the crude ethanolic extract, which was immediately utilized in the study.
Traps System
For the collection of the mosquito eggs, 100 craft traps (oviposition traps) were installed in strategic spots, that is, those with known dengue transmission and presence of vector outbreaks. The oviposition trap was made utilizing a small dark vase for attraction of the female-vector, in which, was introduced about from 300 mL of water obtained from faucet of the municipal supply system, and a wood pallet of 10x3 cm of porous texture for the fixation of the eggs.
The traps remained installed in the residencies per a period of five days, after which, the material was collected and taken at the Agricultural Entomology Laboratory of the FUCA, in the Center of Agricultural and Biodiversity Sciences (CCBS), of the Federal University of Cariri (FUCA), in the county of Crato, for the obtaining of the larvae. Afterwards, the identification of the insect was performed through morphological observations of the larvae and mounting of adults on lamina, based on the identification keys elaborated by Forattini (2002) .
Experimental Design
The larvicide experiments were conducted under controlled conditions, at a mean temperature of 25±1 °C, photophase of 12 hours in a type B.O.D. (Biochemical Oxygen Demand). Climatized chamber, being with the air relative humidity monitored by thermo-hygrometer and maintained at 70±10%, from august/2016 to may/2017, being the collections of eggs and the obtaining of the larvaes realized weekly during the period in which the research was conducted.
3rd instar larvae (L3) were used and were placed in coffe cups with the capacity of 50 mL, and in each replicate were put 10 live larvaes. It was used 50 mL of each crude extract per liter of water, since, in works with essential oils, usually, are utilized 1 to 5% per liter of water. Moreover, the chemical insecticide pyriproxyfen was used as positive control at the recommended dose by the manufacturer (i.e., 0.01 g/L). Conversely, distilled wated was used as negative control.
The extracts were put in 1 L beakers containing distilled water, agitated with glass stick and, afterwards, was added 50 mL of the solution (extract/pyriproxyfen+water) in each little cup. The evaluations were realized at 24, 48 and 72 hours after the exposure of the larvaes, and were considered dead those, which did not react to the mechanical stimulation of a tweezers or a brush. The extracts that caused a mortality equal or superior to 90%, were subjected to a new evaluation in smaller concentrations.
To evaluate the best concentration of the extracts, the completely randomized design (CRD) was adopted, in a 9 × 3 factorial scheme, represented by the nine best extracts obtained and the dosages inferior to 50 mL, doubled, being 12.5; 25 and 50 mL/L of water, conducted with four replicates per each extract and dosage. Were utilized 3rd instar larvae (L3), rather than 4rd instar larvae (L4) because they could become pupae during the conduction of the experiment because it is the last larval stage, in the same coffee cups-little utilized in the first test, and in each replicate 10 live larvae were also exposed. The evaluation was performed three days after the exposure of the larvae, and were considered dead those which did not react to the mechanical stimulation of tweezers or a brush.
Phytochemical Screening
To perform a preliminary phytochemical study of Louro smelling extract, initially, the dry ethanolic extract of the leaves was obtained through evaporation under reduced pressure. Following that, 200 mg of the dry ethanolic extract were added in test tubes. The phytochemical study for the identification of the secondary metabolites was based in the methodology of Kokate, Purohit, and Gokhale (2008) . The phytochemical tests were performed for the identification of alkaloids, phenolics in general, flavonoids, tannins, triterpenes, steroids and saponins.
The analysis was carried out in the Chemistry Laboratory of the Federal Rural University of Pernambuco, Serra Talhada Academic Unit, using 10 grams of the dried and crushed extract. This was placed into an Erlenmeyer flask and suspended with distilled water to the 100 mL mark of the flask. The mixture was stirred for 30 min and then collected by simple filtration with cotton. Into eight test tubes were added 3 mL each of the aqueous extract filtered as follows:
Tube 1: Tannins-3 drops of 2% gelatin solution saturated with NaCl were added and there was no precipitate.
Tube 2: Saponins-the tube was shaken vertically for 30 min and after 5 min the foam persisted.
Tube 3: Triterpenes-Extraction was performed with CHCl 3. The organic phase was separated from the aqueous phase slowly, three drops of sulfuric acid. There was no change in color;
Tube 4: Steroids-Extraction was performed with CHCl 3. The organic phase separated from the aqueous phase was added 1 mL of acetic anhydride and slowly three drops of sulfuric acid. There was no change in color.
Tube 5: Phenols-3 drops of 3% FeCl 3 solution were added. A dark-colored top ring was formed.
Tube 6: Flavonoids-Mg shavings were added and then five drops of HCl slowly. Formation of dark solution.
Tube 7: Alkaloids-three drops of Dragendorff's reagent were added. An orange precipitate was formed.
Tube 8: White (reference).
Statistical Analysis
The results were subjected to analysis of variance by the F test, and the means were compared by the Tukey's test (p < 0.05). For the processing of the data, was utilized the free version of the SISVAR 5.6 software, Build 86-DEX-UFL Alivre (Ferreira, 2011) .
Results and Discussion
Out of the 16 evaluated plant species of the Araripe National Forest over the A. aegypti, nine caused larval mortality equal or superior to 90% (Table 2) , and in the search for better alternatives in the control of Dengue, the utilization of these 9 plants is a viable option. This alternative has been highly researched in the last decades, mainly due to its lower impact to human health and to the environment, besides representing a method of easy obtaining. Medicinal plants are utilized throughout the world for many years, with wide utilization in agriculture as botanical insecticides (Bueno & Carvalho, 2010; Carvalho et al., 2011) .
After 24 hours of exposure, the leaf extract of the Louro smelling and the bark extracts of the alecrim and laranjinha caused 100% larval mortality, not statically differing from the leaf extracts of the amargoso or the bark extracts of the Oil's tree and the janaguba. Geris et al. (2008) tested the Oil's tree oil against larvae of A. aegypti, which demonstrated an excellent response, reaching an average of 90% larval mortality in the first day of treatment.
Similarly, Oliveira et al. (2013) verified that the concentration of 1.000 ppm of the Piper aduncum L. extract, caused 100% mortality in the larvae of this vector at 72 h. Valoto et al. (2014) also verified that the 3-β-acetoxylabdan-8(17)-13-dien-15-oic acid, in the dose of 9 ppm, extracted from the medicinal plant Copaifera reticulata Ducke, a species of the same genus of the Oil's tree found in the ANFO, caused the death of larvae by midgut cell destruction, through the cytoplasmic vacuolization, cell and nuclear hypertrophy, brush border degeneration, apical vesicle formation with releasing of cytoplasmatic content, epithelium stratification and folding of the peritrophic matrix; however, in the present research, no were did or performed histological studies. Table 2 . Average number of dead larvae±SE and mortality efficiency in percentage of 3rd instar Aedes aegypti larvae subjected to different ethanolic extracts of native plants from the Araripe National Forest in the dose of 50 mL/L, and pyriproxyfen in the dosage of 0.01 g/L, at three exposure times 
Note.
1 Means followed by the same letter in the columns are not significantly different by Tukey's test at 5% probability*(Bark and Leaf). SE = Standard Error.
Most of the tested ethanolic extracts of native plants from the Araripe National Forest presented larvicidal activity against the A. aegypti (Table 2) , considering the total efficiency of the tree exposure periods, varying from 50 to 100% mortality, except for the bark extract of the Earth pau, which caused only 5.6% mortality, whereas the pyriproxyfen growth regulator reached 41.2%.
The pyriproxyfen is not a product, which directly kills the mosquito larvae, but it interrupts the normal development process of the insect in the 4rth larval instar for the beginning of the pupal stage, leading to pupal mortality and preventing the emergence of adult mosquitoes. The pupal and larval stages of 4th instar are the most susceptible, but, in the present research, 3rd instar larvae were utilized. Although it is yet possible to verify larvae after the application of the SumiLarv®, these usually die in the pupa/adult stage, thus preventing the appearing of adult mosquitoes, what was observed in the present research.
Resende and Gama (2016), when applying the pyriproxyfen in water tanks (45 liters), glass flasks (5 liters) and plastic buckets (20 liters), in the control of this vector, observed that the persistence was of 45 days and 90 days for the final concentration of 0.01 and 0.05 ppm of pyriproxyfen, respectively, and that the pupal mortality was significantly higher than the larval and adult mortality for all tested recipients and concentrations. Vol. 11, No. 7; One of the least effective extracts in this exposure time was that obtained from the leaves of cajuí, with only 0.3% mortality, not statistically differing from the distilled water, but showed high larvicidal activity at 48 hours. Porto et al. (2008) also did not verify a toxic effect of the ethanolic fraction of the leaves of this species over this mosquito vector.
At 48 hours of exposure, there was higher mortality when the larvae were subjected to the bark extracts of the Praiba and to the leaf extracts of the Oil's tree, lacre and cajuí. In this same exposure time, Barreto et al. (2006) , observed that the crude ethanolic extract of the fruit husk of the soapberry (Sapindus saponaria L.) causes total or partial destruction of epithelial cells, high vacuolization, hypersecretion of the epithelial cells and paving of the midgut epithelium in the larvae of this vector.
When utilizing the ethanolic extract of the same plant species, Arruda, Cavasin, and Silva (2008) , observed that the morphological alterations started after four hours of treatment, and included the loss of mitochondrial crests and the thickening of the peritrophic matrix. With the increase in the exposure time, new ultra-structural alterations were evidenced, highlighting the complete destruction of mitochondria, cytoplasmic vacuolization, loss, reduction or disruption of the microvilli and nuclear alterations.
At 72 hours, all extracts were not statistically different within each other and the witnesses, demonstrating that in the third day of exposure. Therefore, the highest larval mortalities occurred at 24 and 48 hours of exposure, being more efficient at 24 hours for some of the evaluated plants. Guirado and Bicudo (2009) , when utilizing coffee grounds, which contain caffeine, in the control of this insect, reported that this vegetable by-product, in the dose of 1.000 ppm, causes 100% mortality after 24 to 48 hours of exposure, presenting persistence in the environment for 7 months. Bansal et al. (2012) observed that at 24 and 48 hours, it was necessary to apply 63.2 and 128.10 mg of the extract of fresh leaves of algarroba (Prosopis juliflora) respectively, in order to cause 90% mortality.
According to Guimarães et al. (2013) , the highest efficiency of the crude extracts of ethyl acetate of Neoregelia compacta (Mez) and Aechmea fasciata (Lindley) over the L3 instar of A. aegypti is obtained with the concentration of de 200 µg mL -1 , eliminating the larvae in less than a day, and consequently preventing its growth. Beserra et al. (2014) , observing positive results obtained with the larvicidal use of leaf and bark extracts of Jatropha curcas over A. aegypti, noticed that the action of the insecticide was significant over the 3 rd instar larvae of this disease-vector insect.
It is noted, therefore, that the most efficient ethanolic extracts were obtained from the leaves of amargoso, lacre, and Louro smelling, as well as the bark and leaf extracts of alecrim of field and laranjinha, which caused 100% mortality after three cumulative days of exposure. In a concentration of 100 ppm of the extract of Annona coriacea Mart., Dill, Pereira, and Costa (2012) observed a residual effect of 100% larval mortality during a period of 15 days Of the nine plant extracts, analyzed in differents dosages varying from 12.50 to 50 mL/L of ethanolic extracts extracted from different native plants (Table 3) , only the leaf extract from the louro smelling, when compared with the remaining extracts, it obtained 100% of mortality. Already, the leaf extracts of alecrim of field, cajuí and larajinha were the least effective when applied in concentrations smaller than 50 mL/L. Note. A*= Amargoso; OT* = Oil's tree (leaves); LS*= Louro smelling; JA*= Janaguba; LA*= Lacre; LAJ*= Laranjinha; MT*= Murici truthful; CA*= Cajui; AF*= Alecrim of field; Means followed by the same uppercase letter in the column and lowercase in the line do not differ within each other by Tukey's test at 5% probability.
of this vector. These authors verified a mortality of approximately of 96 and 100% of the larval population only in the first day of exposure, reaching total mortality of the population after seven days of exposure. Nevertheless, from the lowest concentration (2 mg/L), a mortality under 50% of the population was obtained.
The ethanolic extracts of A. coriacea and A. mucosa (Jacq.) presented 100% of mortality in 0.1 mg/mL. A. crassiflora Mart. presented mortality superior to 90% in 1.0 mg/mL, in the methanolic crude extract, hexane and dichloromethane extracts and in the hexane fraction. The hydroalcoholic, ethyl acetate and chloroform fractions did not present insecticidal activity. In the species A. dioica Saint Hill and Cardiopetalum calophyllum, with crude extract, the mortality was inferior to 50%. Therefore, A. crassiflora, A. coriaceae and A. mucosa, in methanol and hexane, are promising in the future development of biocides for the control of the dengue vector (Costa et al., 2013) .
The data of this work are in agreement with the results presented by Silva et al. (2014) , where these authors evidenced that the plant extracts demonstrated potentially promising with regard to the larval control of A. aegypti.
The phytochemical tests with the Dragendorff, Mayer's and Wagner's reactives were positive, pointing to the presence of alkaloids in the ethanolic extract of the louro smelling (Table 4 ). This result is in accordance with the literature, inasmuch as the aporphine alkaloids were identified in the species Ocotea sp. (Zanin & Lordello, 2007) . The presence of phenolic compounds in Ocotea sp. extracts was highlighted due to the capacity antioxidant. Thus, in the present research it is believed that the secondary metabolites that caused larvals mortality of A. aegypti were the alkaloids and the flavonoids, for being present in high concentrations in the ethanolic extract.
The test with gelatin's solution saturated with sodium chloride for the identification of the tannins was positive, and the test of flavonoids through of the Shinoda reaction was also positive. The test of the triterpenes class was positive, through the Salkowski reaction, but the test of the steroids was negative, through the Libermann-Burchard reaction and the foam test for saponins indenticatin was negative.
The extract of Louro smelling was chosen for phytochemical screening because it was the only one of the extracts tested that killed all A. aegypti larvae at all doses applied (Table 3) . Note. *(-) absence; (+) low concentration; (++) average concentration; (+++) high concentration. Observation: The phytochemical testes were compared with the white (transparent green solution).
Conclusions
The Araripe National Forest presents a great potential with bioinsecticide plants of the tested plants, such as: the Amargoso, Oil's tree, Lacre, Cajuí, Louro smelling, Alecrim of field, Murici truthful, Janaguba and laranjinha cause mortality above 90% to the larvae of Aedes aegypti after three days of exposure in the dosage of 50 mL of the extracts.
After 24 hours of exposure, the ethanolic extracts from barks and leaves of the alecrim of field and the laranjinha kill all the larvae of Aedes aegypti in the dosage of 50 mL.
The ethanolic extract of the leaves from Louro smelling is the most efficient, because, in any dosage, it eliminates all the larvae of Aedes aegypti, thus demonstrating to be an excellent vegetable larvicide in the control of this vector after three days of exposure.
The alkaloids and flavonoids are present in high concentrations in the leaves of the Louro smelling.
The bark extract of the Earth pau is the least effective in the control of Aedes aegypti even after three days of exposure.
